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ABSTRACT 
 
  The objective of this survey was to investigate qualitative and quantitative 
properties of meat from organic, free-range and conventionally raised broilers as 
marketed to the general consumer.  Fifteen broilers from four suppliers of each type were 
purchased and immediately frozen.  Retail costs were recorded and broilers were 
evaluated for meat yield, cooked yield, proximate composition, pH, color, lipid oxidation, 
fatty acid composition and sensory attributes. 
On a raw basis, organic broilers yielded a higher percentage of dark meat 
(P<0.05) and a lower percentage of skin (P<0.05) than free-range or conventional 
broilers.  On a cooked basis, conventional and free-range broilers yielded a higher 
(P<0.05) percentage of cooked light meat than organic broilers.  Free-range whole 
carcasses had the highest absolute cooked yield however was only significantly (P<0.05) 
higher than conventional broiler yields.  Protein content of raw organic breast and thigh 
meat was higher (P<0.05) than conventional broilers but not different (P>0.05) from free-
range broilers.  The protein content of cooked organic breast and thigh meat was higher 
(P<0.05) than conventional, consistent with analyses on the raw basis comparisons.   
Ultimate pH (pHu) for breast meat from organic broilers was higher (P<0.05) 
when compared to free-range and conventional. The pHu of thigh meat from organically 
raised broilers was higher (P<0.05) than the free-range but not different from (P>0.05) 
conventionally raised broilers.  Raw breasts and thighs from organically raised broilers 
were lighter and less yellow (P<0.05) in color when compared to free-range and 
conventional.  Consistent with raw color value trends, cooked color values for organic 
and free-range breasts, thighs and skin remained less (P<0.05) yellow compared to 
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conventional parts.  Thiobarbituric acid and reactive substances (TBARS) values for raw 
free-range breasts and thighs were lower (P<0.05) than for organic or conventional birds.  
Fatty acid analysis showed that breasts and thighs from organically raised birds were 
lower (P<0.05) in saturated and monounsaturated fatty acids and higher (P<0.05) in 
polyunsaturated, omega-3 and omega-6 fatty acids compared to free-range and 
conventional.  Results from the trained sensory panel indicated that thighs from 
conventionally raised birds were more tender (P<0.05) and less chewy (P<0.05) than 
thighs from free-range and organic broilers.  Other sensory parameters were not 
significantly (P>0.05) different among the attributes tested for breasts or thighs. 
At the time of the study, March through May of 2006, the average retail price for 
whole broiler chickens (averaging all 4 brands per type) were $3.19, $2.78 and $1.29 per 
pound for organic, free-range and conventional whole broilers respectively.  While the 
fatty acid composition appears to be the largest difference found between retail whole 
broilers it is important to acknowledge that diets within the study were not controlled.  It 
is apparent that consumers are willing to pay a premium price for qualitative and 
quantitative product characteristics not evaluated in this study and may place value on 
more intangible attributes associated with organic and free-range chicken.      
  
1 
 
CHAPTER 1.  GENERAL INTRODUCTION 
Introduction 
Organic and free-range chicken has been increasingly available to the average 
consumer due to increased marketing initiatives and consumers’ demand for such 
products.  With the increased intensity of modern production agriculture, many 
consumers share views that organic and free-range products are in some way better for 
them or at least follow production practices that are more conducive to a cleaner, more 
balanced environment.  On October 22, 2002, the United States Department of 
Agriculture National Organic Program implemented a national standard that (AMS, 
2006) accepted certain poultry to be labeled as “certified organic.”  Organic production 
requires following a set of guidelines that limit many synthetic inputs that conventional 
production utilize.  From 1992 to 2003, the production of organic broiler chickens has 
increased from just over 63,000 to over 8.5 million head (ERS, 2005).  The increase in 
production is due to many factors, the largest being consumer demand.  Consumers are 
more concerned with the foods that they purchase.  They are more aware of their 
purchases and more demanding of food quality, actual or perceived.  Free-range poultry 
is marketed similarly to organic poultry; however, free-range only requires chickens to be 
reared with access to the outdoors.  Free-range does not have to abide by the regulations 
established by the USDA for organic certified products.  Organic and free-range poultry 
typically will sell at retail for 200-300% over that of conventionally produced chicken.  
Additionally, the distribution of organic and free-range products has expanded to the 
main stream as many organic and free-range labeled products are appearing more 
frequently in larger regional retail supermarkets.  As consumers have more choice in the 
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chicken that they purchase, it is important to determine whether there are tangable 
differences between organic, free-range and conventional chicken and if so, what these 
differences may mean to consumers. 
Thesis Organization 
 This thesis is organized into three chapters.  The first chapter includes the 
literature review and is intended to give the reader a clear understanding of what is 
currently known about differences in commercial broiler chickens available to the general 
consumer.  The second chapter details the quantity and quality attribute differences found 
in the present study.  The third chapter of this work gives a general conclusion of the 
research conducted. 
Literature Review 
Chicken as Food 
Advanced civilizations have developed in part due to accessibility to high quality 
protein foods, especially meat and poultry (Nestle, 1999).  Meat and poultry contains 
many nutritional benefits including contributions of high-quality protein, iron and 
essential B vitamins unmatched by many other foods (Aberle, 2001).  Chicken is high in 
protein, low in fat and low in cholesterol, making it a popular selection for a healthy diet. 
History of US Poultry Industry 
The US poultry industry has gone through significant changes over the past 
century.  In the early part of the century, chickens were raised as backyard flocks 
predominately for eggs but by the 1940s and 1950s, broiler chickens raised for the 
purpose of meat, grew substantially in number.  Rearing chickens was common due to the 
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ease of raising them in a limited space.  From 1960 to 2005, broiler production grew from 
approximately one billion to over eight billion head (NASS, 2006).  In the 1970s and 
1980s consumers frequently purchased less red meat and more chicken consequently 
creating increased demand.  The majority of the broiler industry in the United States is 
located in the south and southeast part of the country (NASS, 2004) where cheap land 
and labor and relatively close proximity to the east coast consumer populations are 
advantageous to the business economics.  By 1995, in the state of Georgia alone, (the 
number one broiler producing state) 5 billion pounds of chicken were produced.  Since 
the 1950s, many poultry companies have focused on vertical integration which has 
generally included integration of hatcheries and feed mills in addition to harvest and 
processing facilities.  Today nearly all poultry companies are fully integrated and are 
focusing on expansion with one recent example being the recent efforts of Pilgrim’s Pride 
to purchase Gold Kist.  In 1960, there were 286 integrated broiler firms while in 1989 
there were only 47 (Hall, 1989).  Currently, nearly 80% of the US broiler market is 
owned by only five integrated broiler companies. 
Conventional Production Methods 
Commercial broiler production has increased in efficiency due to many factors.  
Havenstein et al. (2003) suggested that quantitative selection practiced by commercial 
breeding organizations has provided the majority of change in growth rate.  Broilers of 
today reach market weight in approximately six weeks while in 1957 broilers reached 
market weight in approximately 12 weeks (Havenstein et al., 2003; Fairchild, 2005).  
Plymouth Rock and White Cornish chickens have typically been the contemporary meat 
producing breeds; however modern hybrids have advanced predominately from these 
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same breeds.  Pollock et al. (1997) suggested that genetic engineering will be used in the 
future to achieve even higher meat yields.  A wide variety of antibiotic growth promoters 
have also increased production efficiency (Moore et al. 1946; Jukes et al. 1950, Sigel et 
al. 1974, Feighner and Dashkevicz, 1987, Rassow and Schaper 1996).  Conventional 
poultry production commonly utilizes antibiotics in water and feeds on a sustained basis 
to achieve higher rates of weight gain.  Recently, conventional producers have reported a 
decrease of continued antibiotic use.  Modern rearing facilities also contribute the growth 
efficiency by precisely regulating temperatures, air flow, feed and water (Fairchild, 2005) 
to accommodate optimal growing conditions.  An increased understanding of the 
nutritional value of feed has also improved, enabling producers to feed a ration that yields 
the greatest daily weight gain and desired meat quality characteristics at a lower cost.   
Consumers have continued to demand increasing amounts of chicken meat since 
the mid 1940’s to an amount of 84.3 lbs per capita on a retail weight basis in 2004 as 
reported by USDA Economic Research Service (2006).  These trends are attributed to the 
poultry industry meeting the demands of consumers and foodservice operators by 
providing value-added, brand-name and convenience products (Buzby and Farah, 2006).   
Problems with Conventional Production 
As the commercial broiler industry has grown in efficiency, it has not been 
without problems and scrutiny from society.  Pollock (1997) acknowledged that with 
increased meat yields on overall younger broilers, problems with meat quality, disease 
immunity, behavior and reproduction will be of concern.  Bone breakage is typically 
more common under aggressive growing conditions where the muscles grow more 
quickly than the skeleton can develop for support.  Rath et al. (2000) concluded that bone 
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breakage is an important issue as it can lead to mortality, low productivity and carcass 
condemnations.  Additionally, underdeveloped bone that is more porous has a tendency 
to discolor adjacent meat due to leaching of blood which produces a product that may be 
less appealing to the consumer (Rath et al. 2000).  Conventional production typically has 
increased stocking densities (Thaxton et al. 2006) in confined buildings which can have 
negative effects on behavior (Murphy and Preston, 1988; Newberry and Hall, 1988, 
Andrews et al., 1997) and immunity (Proudfoot et al. 1979,; Hectert et al. 2002).  Dozeier 
et al. (2005) reported that as stocking densities increased from 30 to 45 kg/m2, decreased 
butcher weight and feed consumption rates were observed with increasing litter moisture 
and foot pad lesions.  Conventional production tends to generate increased waste in 
concentrated areas creating problems with concentrated manure resulting in negative 
effects on surrounding water, soil and air quality.  Coufal et al. (2006) reported that 
concentrated gaseous nitrogen-based emissions in the form of ammonia contribute to 
negative environmental issues.  Bakhsh et al. (2005) and Power and Schepers (1989) 
indicated that concentrated livestock manure can increase levels of nitrate-nitrogen levels 
in water supplies due to leaching from soil systems, and, in turn, leading to concerns for 
hypoxia.  Hypoxia is a phenomenon that decreases oxygen availability in water that is 
necessary to sustain aquatic life.  The use of antibiotics in feed and water is another issue 
associated with conventional poultry production.  A consumer survey by Resurreccion 
and Galvez (1999) reported that 77% of consumers responding to the survey considered 
animal drug residues in meat to be an extreme health concern.  Novick (1981) reported 
that 2% of bacterial population will be resistant to antibiotics that are administered on a 
periodic basis while 10% of bacteria populations will be resistant when administered on a 
  
6 
 
continuous basis.  As an alternative to conventional production, some producers have 
decided to strive for a less aggressive production method and to follow organic or other 
modified practices to minimize negative attributes associated with conventional 
production while attempting to maximize meat quality characteristics. 
Presence of Organic and Free-Range Poultry in the Marketplace 
Recently trends indicate an increased presence of organic and free-range chicken 
in the marketplace (ERS, 2005).  Organic and free-range products typically have been 
marketed through private sale directly from growers’ farms or through local farmer’s 
markets.  However through many initiatives supported by growers, consumers and animal 
welfare groups, many specialized health food retailers have begun to carry these 
products.  As the popularity of these poultry products continue to grow, many larger 
regional food retailers are now starting to carry organic and free-range products as well.    
Free-Range Poultry Production  
The USDA has a minimally defined set of standards for free-range poultry 
production.  To qualify for free-range production, producers must demonstrate that 
poultry has been allowed access to the outdoors (FSIS, 2006).  Free-range does not mean 
that the production methods follow certified organic standards as some consumers may 
perceive.  Conventionally-raised chicken could be labeled as free-range if it were allowed 
to have access to the outdoors.  Free-range production typically follows an alternative 
rearing practice compared to that of conventional production and hence is marketed 
differently in the supermarket.  Free-range products typically carry terms such as 
“sustainably farmed”, “raised without antibiotics”, “minimally processed”, “natural” or 
“no hormones”.  The use of hormones in raising poultry is not allowed under USDA rules 
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for any type of poultry including conventional.  Labels that state that no hormones were 
added must also acknowledge that it is a federal regulation by having the accompanying 
statement “Federal regulations prohibit the use of hormones” (FSIS, 2006).  Free-range 
chickens can be fed conventional feeds which typically are corn and soybean-based and 
raised on land that is not certified organic.  Depending on the configuration of the rearing 
system, chickens may have increased levels of grass and other organic materials as part 
of their diet relative to conventional birds.  In addition, antibiotics are allowed to be 
administered though in most cases producers do not choose to do so.  Products containing 
no antibiotics will command a premium price (Neufeld, 2002) providing an incentive to 
producers to abstain from their use.  Stocking densities for free-range broilers are not 
typically as high as those associated with conventional production as indicated by 
Dawkins et al. (2003).  The amount of free-range space is subjective as there are no 
regulations requiring a standard stocking density (Fanatico, 2006).  Depending on the 
amount of time broilers spend outside, it could be argued that free-range are no different 
than conventional if the free-range chickens never leave the housing structure.  Fanatico 
et al. (2005a) observed that differences in genetics could contribute to how much time 
chickens spend outdoors foraging.  The group of contemporary slow growing broilers 
spent more time outdoors than the group of modern fast growing broilers (Fanatico et al. 
2005b). 
Fanatico et al. (2006) concluded that outdoor access had little impact on the 
sensory attributes and had no effect on overall preference, preference of flavor or 
intensity of flavor of dark meat.  Gordon and Charles (2002) however suggested that 
meat flavor could be altered by the type of vegetation that is accessible.  It has been long 
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known and indicated by research conducted by Lauridsen et al. (1997), Sanz et al. (1999) 
and Bavelaar et al. (2003) that dietary fatty acids affect fatty acid profiles of the finished 
product and thereby may affect flavor.  According to Fanatico et al. (2005b) free-range 
producers commonly utilize the same fast-growing broilers as conventional systems; 
however, suitability of these birds may not be adequate since conventional broilers do not 
acclimate themselves well with outdoor conditions.  It has also been reported (Fanatico et 
al., 2005a) that outdoor rearing of slow growing broilers was associated with more 
yellow meat compared to slow growing broilers raised indoors, as measured 
instrumentally and visually.  Fanatico et al. (2005a) explained that the increase in 
yellowness may have been due to the increased foraging of plant material.  Contrary to 
speculations by Fanatico et al., Kishowar et al. (2005) concluded that conventional corn-
fed chickens were more yellow than free-range and organic chickens because of the 
relative increase in xanthophylls in corn within the feed ration.  Gordon and Charles 
(2002) concluded that older birds have redder meat due to higher myoglobin 
concentrations.  Lonergan et al. (2003) suggested that the difference in redness values of 
chickens from different genotypes may be due to a difference in muscle fiber type and 
pigment concentrations.  
Organic Poultry Production 
Organic production has had a long history well before legislative acts were 
created to regulate the industry.  Traditional farming practices prior to the 20th century 
were generally recognized as “organic” because chemically synthesized inputs were not 
available.  During the 1960s and 1970s apparent problems with modern farming 
techniques arose, such as those involving the insecticide DDT, and made organic farming 
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more visible in the eye of the consumers.  For many years, a coalition of organic farm, 
consumer, animal welfare and environmental organizations lobbied Congress to pass the 
Organic Foods Protection Act (OFPA) which was finally included in the 1990 Farm Bill.  
The Organic Foods Production Act was implemented by the National Organic Program 
Rule on October 22, 2002 assuring that food labeled as organic was produced using 
organic production and handling standards expected by the consumer for such products.  
In general terms the USDA (2006) defines certified organic products as follows: 
“Organic food is produced by farmers who emphasize the use of 
renewable resources and the conservation of soil and water to enhance 
environmental quality for future generations.  Organic meat, poultry, 
eggs, and dairy products come from animals that are given no antibiotics 
or growth hormones.  Organic food is produced without using most 
conventional pesticides; fertilizers made with synthetic ingredients or 
sewage sludge; bioengineering; or ionizing radiation.  Before a product 
can be labeled "organic," a government-approved certifier inspects the 
farm where the food is grown to make sure the farmer is following all 
the rules necessary to meet USDA organic standards.  Companies that 
handle or process organic food before it gets to your local supermarket 
or restaurant must be certified, too.” 
Additionally, organic production must utilize organic certified feed-stocks such as corn 
and soybeans and must raise livestock on certified organic land (AMS, 2006).  Organic 
production methods have higher feed input costs because the main components of the 
  
10 
 
feed ration are certified organic corn and certified organic soybeans which are limited in 
supply relative to conventional grains. 
Poultry Labeling Variation 
Consumers have many more choices in supermarkets than ever before.  Many 
labeling terms however can also be confusing to the consumer (Gade, 2002).  The 
majority of the conventional chickens marketed are labeled as “natural”.  The term 
natural means that a product contains no artificial ingredients or added color and is only 
minimally processed (a process which does not fundamentally alter the raw product), 
according to the USDA Agriculture Marketing Service (2001).  In addition, the label 
must explain the use of the term natural (such as – no added colorings or artificial 
ingredients; minimally processed) (FSIS, 2006). 
Free-range poultry is clearly labeled “free-range” and in most cases includes 
statements that indicate how the product was raised such as “sustainably farmed”, 
“produced without antibiotics” or “produced in harmony with the land”. 
Organic poultry can voluntarily place a USDA Certified Organic seal on their 
products if they are certified with the USDA National Organic Program.   
Meat Quality Differences 
Carcass Yields 
Kandel (2006) and Pollock (1997) indicated that US consumers prefer chicken 
white meat to chicken dark meat.  US consumers are willing to pay more for light meat 
than dark meat and therefore US production has focused on breast yields.  Castellini et al. 
(2002) reported that increased motor activity resulted in organic chicken carcasses that 
had higher breast and drumstick yields and lower abdominal fat yields compared to 
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conventional carcass yields; however growth performance was lower for organic 
chickens.  Havenstein et al. (2003) reported that carcass yields of conventional broilers 
have significantly increased in the last 45 years.  Additionally, Fanatico, et al. (2005b) 
reported that most natural and organic poultry production in the United States utilizes the 
same fast-growing broiler genotype used in conventional production systems.  Despite 
broilers being of the same genotype, Castellini et al. (2002) reported higher breast and 
thigh yields for organically raised broilers compared to conventionally raised broilers due 
to increased motor activity. 
Cooking Yield 
Cooking yield is indicative of the water holding capacity of the meat during 
thermal processing.  Cooking yield is of increased importance to those who are involved 
with further processing of ready-to-eat (RTE) meats.  Comparing broilers from different 
production methods, Castellini et al. (2002) found that organic breasts and drumsticks 
had greater cooking loss when compared to conventional breasts and drumsticks; this was 
attributed to a pH closer to the isoelectric point.  Extreme conditions such as pale, soft 
and exudative (PSE) meat has been shown to decrease cooking yield (Owens et al. 2000) 
due to less functional meat proteins.  PSE meat is less desirable for processors because of 
lower cooking yields resulting in a lower percentage of saleable products, as well the 
increased difficulty to achieve product quality standards compared to products produced 
from non-PSE meat.  As selection for faster growing chickens continues, Pollock (1997) 
speculates that increased incidences of PSE in chicken will occur due to stress related 
factors.  
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Proximate Analysis 
Fat, moisture and protein content identify many foods.  Kubberod et al. (2002) 
reported that consumers are negatively influenced by the appearance of excessive fat and 
suggested that it was one reason why consumers many times choose boneless skinless 
chicken over beef and pork.  The preparation method by the consumer of whole and 
bone-in skin-on chicken pieces can easily be altered to reduce total fat intake.  USDA-
AMS (2001) suggested removing the skin of chicken to reduce the total fat content to half 
the original amount.  Fat types found in food are important when considering human 
health, especially cardiovascular health.  Saturated fatty acids are associated with high-
density lipoprotein (HDL) blood cholesterol and triglycerides which have negative effects 
on coronary health in the human body.  The Dietary Guidelines for Americans 2005 
(USDA, 2005) recommends keeping fat intake between 20% and 35% of total food 
calories and suggests consuming more polyunsaturated and monounsatured fatty acids 
than saturated and trans-fatty acids.  Eliminating fats from the diet is equally undesirable 
as low levels of dietary fatty acids are associated with poor absorption of fat-soluble 
vitamins A, D, E, K and carotenoids (USDA, 2005).  Chicken thighs compared to 
chicken breasts have greater fat content (Castellini 2002) however, fat is also known for 
providing flavor, juiciness and palatability (Aberle et al. 2001). 
Moisture content of fresh poultry meat is approximately 75% (Qiao 2001).  
Sufficient moisture content is a fundamental requirement in meat to assure a pleasurable 
eating experience.  Young (1996) reported that pork with low water-holding capacity 
resulted in product that was unappealing, dry and unacceptable to consumers.  
Postmortem biochemical and physiological changes can negatively affect moisture 
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content and water holding capacity of meat.  Owens (2000) reported recent problems 
encountered in the turkey industry with pale, soft and exudative (PSE) meat.   The 
conditions of the live birds, especially at time of slaughter, determine meat quality 
characteristics.  PSE as reported by Owens (2000) generally is associated with 
biochemical changes that cause more rapid than normal pH decline and muscle 
temperature increases.  These changes cause degradation of the sarcoplasmic protein 
myoglobin resulting in a lighter color and degradation of myofibrillar proteins resulting 
in softer texture, decreased water holding capacity and excessive exudate. 
Protein content of fresh chicken breast is approximately 25% as shown by Lonergan et al. 
(2003).  Amino acids are building blocks of proteins, and some are essential, meaning 
that they are not synthesized by the human body and must be part of the diet.  A limited 
number of publications have investigated protein content of poultry meat from different 
production systems however Castellini et al. (2002), found no difference in protein 
content between organic and conventional chicken breasts and thighs. 
Ultimate pH 
The quality of meat depends largely on the rate of pH decline and the ultimate pH 
(Barbut, 1993; Boulianne and King, 1995; Allen et al. 1997).  Glycogen stores, a source 
of energy in living muscle and the main constituent driving pH decline in postmortem 
muscle, are converted during postmortem glycolysis into lactic acid (Bendal, 1973; 
Aberle, et al. 2001).  The pH rate of decline of meat depends on the species and muscle 
type (Rammouz, 2004).  Rapid pH decline (Aberle et al., 2001) can cause pale, soft and 
exudative (PSE) effects in meat which decreases the functionality of the product and 
decreases consumer acceptance.  Color as reported by Bekhit and Faustman (2005), 
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Fletcher (1999) and Qiao et al. (2001) is one of the major factors influencing consumer 
buying decisions.  Darker colored meat is typically associated with higher pH values 
compared to lighter colored meat.  Tenderness can also be negatively affected by rapid 
pH decline as myofibrillar proteins are denatured resulting in muscles that are excessively 
soft and undesirable to both processors and consumers.  Excessive softness is a negative 
attribute from a processor’s point of view because the proteins are not as functional for 
the production of value-added products (Owens et al., 2000).  Meat exudate, referred to a 
drip-loss or purge, as a result of rapid decline in pH and low ultimate pH (Young, 1996) 
and also creates a microbiological concern because free water is suitable for microbial 
growth and thus reduces shelf life of the product.    
Color 
Color is often the only factor that consumers use to distinguish between meat 
products that are acceptable and those that are not (Qiao et al. 2001).  Birren (1963) 
stated that meat color can influence appetite.  Comparing broilers from different 
production systems and genotypes, Fanatico et al. (2005a) concluded the production 
system had a greater impact on breast meat color than genotype.  Kishowar (2005) 
reported that conventional chicken breasts had a more yellow appearance than organic 
and free-range birds.  Kishowar (2005) suggested that conventional chickens may have 
had higher corn feed intakes than organic and free-range and therefore the yellowing 
affect could have been due to corn xanthophylls in the feed ration.  Livingston and Brown 
(1981) reported that chicken with higher pH may appear darker in color.  Govinarajan 
(1973) reported that the combination of high temperature and low pH decreases the 
activity of oxygen-consuming mitochondrial enzymes and promotes oxygenation of the 
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muscle pigment and therefore the product should be lighter and less red in appearance.  
Storage history can also have a negative effect on color.  Abdallah et al. (1999) suggested 
that increased metmyoglobin during freezing of fresh meat caused increased 
autooxidation, cell membrane disruption and disruption of the metmyoglobin-reducing 
enzyme structure.  Castellini et al. (2002) reported that organic chickens with access to 
outdoors had increased lightness values for breast and thighs compared to conventional 
breast and thighs that were from broilers raised indoors.  The lighter color was attributed 
to lower pH values which decrease the activity of oxygen-consuming mitochondrial 
enzymes.  Castillini et al. (2002) suggested the lower muscle pH could be due to the 
better welfare conditions for organic chickens raised outdoors that reduced the stress pre-
slaughter. 
Fatty Acid Profile 
Sanz et al. (1999) and Bavelaar and Beynana (2003) reported that the fatty acid 
profile of chicken adipose tissue depends largely on dietary fatty acid intake.  Castellini 
et al. (2002) reported that chickens with access to the outdoors had more opportunities for 
foraging on grasses which resulted in increased levels of polyunsatured and omega-3 
fatty acids.  Increase in chicken consumption has been largely due to its positive image 
for health (Bavelar and Beynan, 2003).  Human diets higher in polyunsaturated fats 
compared to diets higher in saturated fats are known to be associated with lower blood 
serum cholesterol (USDA, 2005).  Chicken has the least relative amount of saturated fat 
compared to beef, which has the most saturated fat, and pork, which is intermediate.  
Chicken therefore is frequently chosen as a healthier meat alternative.  Variation in level 
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of saturation can vary within chicken and is mainly attributed to dietary fatty acids within 
the feed source (Crepso and Esteve-Garcia, 2002).     
Unsaturated fatty acids tend to be less stable from an oxidative perspective (Sanz 
et al. 1999, Bavelaar and Beynana 2003, Lauridsen et al. 1997, Crespo and Esteve-Garcia 
2002, Nilzen et al. 2001, and Sheldon et al. 1997) and therefore have potential to become 
rancid more quickly than saturated fatty acids.  Work conducted by Sheldon et al. (1997) 
indicated that diets with increased alpha-tocopherol (vitamin E) helps increase the 
oxidative stability of turkey breast products because the vitamin E is deposited in the cell 
membranes where the more oxidative-susceptible phospholipids are located. 
Tenderness 
Fletcher (1999) stated that tenderness is generally the most important attribute 
driving final acceptance of meat.  In beef, Boleman et al. (1997) and Shackelford et al. 
(2001) reported that consumers are willing to pay premiums for product with increased 
tenderness.  Tenderness is highly dependent on inherent biochemical and physiological 
changes that occur postmortem (White, 2006).  Tenderness can also be highly dependent 
on connective tissue and collagen.  Light et al. (1985) indicated textural differences in 
various beef muscles associated with different collagen content.  In poultry, Fanatico et 
al. (2005a) found that fast-growing broilers, as found in conventional poultry production, 
that were allowed access to the outdoors had lower shear values (greater tenderness) 
when compared to those raised indoors.  In contrast, Fanatico et al. (2005a) found no 
effect on tenderness of outdoor access for slow-growing broilers compared with slow-
growing broilers raised indoors.     
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Sensory 
Consumers evaluate products based on their eating experience.  Consumers 
expect a product to be of consistent high quality in order to continue purchasing it.  
Castellini et al. (2002) reported that organic chicken breasts were scored higher for 
juiciness and overall acceptability compared to conventional chicken breasts.  Kishowar 
et al. (2005) evaluated organic, free-range and corn-fed broilers and found no difference 
in aroma or texture attributes, however, organic breasts were chewier and less soft and 
succulent compared to corn-fed.  Fanatico et al. (2006) compared one slow-growing 
genotype, two medium-growing genotypes and one fast-growing genotype and concluded 
that outdoor access had little impact on the sensory attributes but found medium-growth 
rate broilers to be most tender with the strongest flavor compared to slow-growth and 
fast-growth broilers. 
Price Variations 
Large price spreads at supermarkets are common between organic, free-range and 
conventional broilers.  Organic broilers usually sell for the highest price while free-range 
broilers will fall between the price of organic and conventional.  Organic producers must 
demand a higher price for their products due to the increased production costs.  Organic 
production methods have a higher cost for feed inputs because the main constituents of 
the feed ration are certified organic corn and certified organic soybeans.  Organic corn 
and soybeans are not as abundant as conventional corn and soybeans and sell for nearly 
twice the price of conventional feeds.  The web site www.newfarm.org (2006) reported 
prices of $5.00 and $2.93 per bushel for certified organic and conventional #2 Yellow 
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Corn respectively, and $11.00 and $5.88 per bushel, respectively, for certified organic 
and conventional feed-stock soybeans on October 30, 2006. 
Free-range poultry in contrast to organic production methods incur lower input 
costs because they are allowed to utilize conventional feeds.  Free-range broilers are sold 
at a premium compared to conventional broilers because they are produced by methods 
that appeal to the end consumer’s perceptions of quality chicken (Fanatico, 2005a).  
These perceptions include improved animal welfare and less negative environmental 
effects when compared to conventional broilers. 
Consumers who purchase organic and free-range products purchase them because 
of their perception of organic and free-range products as environmentally friendly, 
improved animal welfare, and health and a higher quality product when compared to 
conventionally produced products (Sundrum, 2001).  Sundram (2001) reported that some 
consumers perceive organic and free-range to be more conducive to a cleaner and more 
balanced environment that supplies more healthy food with a more environmentally 
friendly production method.   Organic purchases of food has increased greatly over the 
last 20 years, though few studies have been conducted to determine whether the 
perceived differences in meat quality and quantity from these production systems are 
real. 
There are many attributes that contribute to meat quality.  Color, fat, moisture and 
protein content, fatty acid profile, tenderness, oxidative stability and sensory parameters 
such as aroma, tenderness, chewiness, moistness and flavor are just a few.  A limited 
number of studies have been conducted comparing organic, free-range and conventional 
broilers for these attributes (Fanatico et al, 2006, Fanatico et al. 2005a, Fanatico et al. 
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2005b, Kishowar et al. 2005, Castellini et al 2002).  In addition, few studies have 
included the retail price of products compared to the quality and quantity differences 
between organic, free-range and conventional broilers.  Consumer choices demonstrate 
attributes they value the most and what price they are willing to pay for products 
possessing the attributes they desire.  Premiums are currently being paid for what may 
appear to be perceived advantages.  More quantitative, objective information will enable 
consumers to make better informed choices about the poultry they purchase.   
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CHAPTER 2.   A SURVEY OF COMMERCIALLY AVAILABLE BROILERS 
ORIGINATING FROM ORGANIC, FREE-RANGE, AND CONVENTIONAL 
PRODUCTION SYSTEMS FOR COOKED MEAT YIELDS, MEAT 
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ABSTRACT 
 
The objective of this survey was to investigate qualitative and quantitative 
properties of meat from organic, free-range and conventional broilers as marketed to the 
general consumer.  Fifteen broilers from four suppliers of each type were purchased and 
immediately frozen.  Retail costs were recorded and broilers were evaluated for meat 
yield, cooked yield, proximate composition, pH, color, lipid oxidation, fatty acid 
composition and sensory attributes. 
On a raw basis, organic broilers yielded a higher percentage of dark meat 
(P<0.05) and a lower percentage of skin (P<0.05) than free-range or conventional 
broilers.  On a cooked basis, conventional and free-range broilers yielded a higher 
(P<0.05) percentage of cooked light meat than organic broilers.  Free-range whole 
carcasses had the highest absolute cooked yield however was only significantly (P<0.05) 
higher than conventional broiler yields.  Protein content of raw organic breast and thigh 
meat was higher (P<0.05) than conventional broilers but not different (P>0.05) than free-
range broilers.  The protein content of cooked organic breast and thigh meat was higher 
(P<0.05) than conventional, consistent with analyses on the raw basis comparisons.   
Ultimate pH (pHu) for breast meat from organic broilers was higher (P<0.05) 
when compared to free-range and conventional. The pHu of organic thigh meat, however, 
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was higher (P<0.05) than the free-range but not conventional broilers.  Raw organic 
breasts and thighs were lighter and less yellow (P<0.05) in color when compared to free-
range and conventional.  Consistent with raw color value trends, cooked color values for 
organic and free-range breast, thighs and skin remained less (P<0.05) yellow compared to 
conventional parts.  Thiobarbituric acid and reactive substances (TBARS) values for raw 
free-range breasts and thighs was lower (P<0.05) than for organic or conventional birds.  
Fatty acid analysis showed that organic breasts and thighs were lower (P<0.05) in 
saturated and monounsaturated fatty acids and higher (P<0.05) in polyunsaturated, 
omega-3 and omega-6 fatty acids compared to free-range and conventional.  Results from 
the trained sensory panel indicated that conventional thighs were more tender (P<0.05) 
and less chewy (P<0.05) than thighs from free-range and organic broilers.  Other sensory 
parameters were not significantly (P>0.05) different among the attributes tested for 
breasts or thighs. 
At the time of the study, March through May of 2006, the average retail price for 
whole broiler chickens (averaging all 4 brands per type) were $3.19, $2.78 and $1.29 per 
pound for organic, free-range and conventional whole broilers respectively.  While the 
fatty acid composition appears to be the largest difference found between retail whole 
broilers it is important to acknowledge that diets within the study were not controlled.  It 
is apparent that consumers are willing to pay a premium price for qualitative and 
quantitative product characteristics not evaluated in this study and may place value on 
more intangible attributes associated with organic and free-range chicken. 
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INTRODUCTION 
 Organic and free-range poultry has become more popular as evidenced by its 
presence in the marketplace.  From 1992 to 2003, the production of organic broiler 
chicken increased from just over 63,000 to over 8.5 million head (NASS, 2004).  Support 
from the United States Department of Agriculture came on October 22, 2001 with 
approval of a USDA Certified Organic label for organic products (FSIS, 2006).  Organic 
poultry products are now becoming more main stream in supermarkets thereby providing 
consumers with an increased variety in product choices.  Free-range poultry products that 
were not raised following organic standards cannot bear the USDA Certified Organic 
label; however, these products still command a premium price for their appeal to the 
consumer’s idea of a production method that is more conducive to animal welfare and a 
more balanced environment. 
 Organic poultry production must follow guidelines of USDA Food Safety and 
Inspection Service.  Organic poultry production must utilize organically raised sources of 
feed, omit the use of antibiotics, provide access to the outdoors and have the premises on 
which the poultry are raised to be qualified by an organic certifying agency.  Free-range 
poultry production requires outdoor access but is not as limited as organic production 
with regard to the use of production inputs and guidelines such as feed, antibiotic use and 
premise certification.   
Consumer purchases of poultry products are determined by factors such as 
wholesomeness, quality, class, nutritive value, cost and informative labeling (USDA, 
2001).  The present study was designed to compare characteristics of meat from organic, 
free-range and conventionally raised broilers.  The yields measured in this study may also 
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indicate the similarity between genotypes of organic, free-range and conventional broilers 
as expressed by Fanatico (2005).  Castellini et al. (2002) found that comparing 
organically raised chickens to conventional; organic chickens had less fat and attributed it 
to their increased motor activity that favored myogenesis over lipogenesis.  Kishowar et 
al. (2004) concluded that when comparing breasts from organic, free-range and corn-fed 
chickens, appearance and texture were the attributes that were distinguishable between 
groups and that only a sub-group of panelists could distinguish between aroma and 
flavor.  The large price variations paid by consumers for meat from organic, free-range 
and conventional broilers warrants the study of value differences in the aforementioned 
chicken meat sources. 
There are a limited number of studies that have compared organic, free-range or 
conventional broiler meat quality (Fanatico et al, 2006, Fanatico et al. 2005a, Fanatico et 
al. 2005b, Kishowar et al. 2005, Castellini et al 2002).  However, these studies did not 
focus on meat quality characteristics representative of what the average US consumer 
would have available for meat from commercial organic, free-range and conventional 
poultry production systems.  Consequently, the objective of this study was to assess meat 
quality and quantity from organic, free-range and conventionally raised broiler chickens 
to provide objective value comparisons. 
MATERIALS AND METHODS 
 
Fifteen whole broilers with a target weight range of 4.5 - 5.5 pounds were 
obtained from four suppliers each of organic, free-range and conventional.  Broilers were 
purchased from retail stores or processors, thereby providing a representative sample of 
what would be available to the general consumer.  In the case of processors, purchases 
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were from large companies that had online ordering capabilities.  All chickens were 
either purchased frozen or were frozen immediately after delivery to the Iowa State 
University Meat Laboratory.  In general, organic and free-range chickens were received 
frozen while the conventional chickens were fresh.  Organic and free-range poultry was 
observed to be typically sold frozen, probably due to slower inventory turnover.  Seven of 
the fifteen chickens from each supplier were used for sensory analysis while the 
remaining eight were used for physical and chemical analyses.  The eight chickens were 
separated into two groups; one for raw product analyses and one for cooked product 
analyses including physical and chemical analysis.  Prior to analyses, chickens were 
thawed at 38-40oF for 48 hours. 
Measurements and Evaluations 
Raw chickens were evaluated for color, pH, and carcass component yield, degree 
of oxidation, proximate analysis and fatty acid analysis.  Cooked chickens were evaluated 
for color, carcass component yield, degree of oxidation, proximate analysis, cooking 
yield, and shear force tenderness values. 
Carcass Component Yield 
Weight yields of carcass components (light meat, dark meat, skin and bones) were 
measured on raw and cooked broilers by weighing the entire chicken, then separating the 
light meat, dark meat, skin and bones, and weighing each component.  Four broilers from 
each supplier were utilized for these measurements. 
Cooking Yield 
Cooking yield was determined by weighing four whole broilers from each 
supplier before and after cooking.  Chickens were cooked in an Alkar (Lodi, WI) thermal 
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processing oven at 180oF with steam (100% relative humidity) to an internal temperature 
of 161oF.  Samples used for cooking yield were independent of those used for sensory 
analysis. 
Proximate Analysis 
Fat, moisture and protein of raw and cooked breasts, thighs and skin were 
measured in duplicate from each of 4 broilers from each supplier.  Samples for proximate 
analysis were frozen until analyzed at the Iowa State University Chemistry Laboratory.  
Fat, moisture and protein content was measured following AOAC methodology (AOAC, 
1995). 
Color 
Color (L*,a*,b*) was measured in triplicate on raw and cooked breast, thigh and 
skin of 4 chickens from each supplier using a handheld HunterLab Color Difference 
Meter (Hunter Associates Laboratory, Reston, VA).  Standard calibration with a black 
and white tile was used prior to recording measurements.  A D65 midday daylight light 
source and 10o observer setting was used on all measurements.  Measurements of breasts, 
thighs and skin were taken with components attached to the carcass.   
pH 
Given that broilers were obtained at different dates from various suppliers, 
ultimate pH (pHu) was measured at an unknown time postmortem.  The pH was 
measured on whole intact raw breast (pectoralis major) and thigh muscles (quadriceps 
femoris) of 4 chickens from each supplier.  Measurement of pH was performed using a 
Hanna (model HI99161) digital pH meter equipped with a Hannah (model FC202D) 
electrode (HANNA Instruments, Inc, Highland Industrial Park, Woonsocket, RI) 
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calibrated prior to measurement with 4.0 and 7.0 buffer solutions from Fisher Scientific 
(Waltham, MA).   
Thiobarbituric Acid and Reactive Substances Analysis 
TBARS values were measured on duplicate samples of raw and cooked breasts 
and thighs from 4 different broilers from each supplier.  TBARS values evaluated on raw 
product after allowing product to thaw for 48 hours.  The extent of lipid oxidation was 
evaluated as TBARS by the Koniecko method (1985).  Ten grams of homogenized 
minced muscle was added with 95.7 mL of distilled water and 2.5 mL of 4 N HCl in a 
round bottom flask.  The mixture was distilled until 50 mL of distillate was obtained.  
Five milliliters of the distillate and 5 mL of TBA reagent (15% trichloroacetic acid, 
0.375% thiobarbituric acid) were heated in a water bath at 100o C for 35 min.  After 
cooling at room temperature for 30 min, the absorbance was measured at 538 nm against 
an appropriate blank.  TBARS values were obtained by multiplying optical density by 
7.8.  Oxidation products were quantified as malonaldehyde equivalents (MDA mg/kg 
muscle). 
Fatty Acid Profile 
Fatty acid profile was measured on raw skinless breast and thigh muscle using gas 
chromatography.  One sample was measured on homogenized minced muscle from each 
of 4 breasts and thighs from each supplier.  One milliliter of methylating reagent (boron 
trifluride-methanol) was added to a test tube containing the total lipid extracted from 
breast or thigh meat, following methodology of Du et al. (2000), and incubated in a water 
bath at 90o C for 50 minutes.  After cooling to room temperature, 2 mL of hexane and 5 
mL of water was added, mixed thoroughly, and left at room temperature overnight for 
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phase separation.  The top hexane layer containing methylated fatty acids were used for 
GC analysis (Chin et al., 1992).  Analysis of fatty acid composition was performed with a 
GC (HP 6890) equipped with an autosample injector and flame ionization detector.  A 
capillary column (SUPERCOWAXTM  -10, 30 m x 0.25 mm x 0.25 µm film thickness, 
Supelco, Bellefonte, PA) was used.  Ramped oven temperature conditions (increased 
from 190o C to 200o C at 5 C per min, held for 6 min, then increased to 220o C at 10o C 
per min, then increased to 230o C at 5 o C per min and held for 8 min) were used. 
 Temperatures of the inlet and detector were 280 o C and 320 o C respectively.  
Helium was used as a carrier gas, and a constant column flow of 1.0 mL/min was used.  
Flame ionization detector air, H2, and make-up gas (helium) flows were 350 mL/min, 35 
mL/min, and 38.3 mL/min, respectively.  Fatty acids were identified using a Mass 
Selective detector (Model 5973).  The GC-Mass Selective detector procedure was 
performed with the same column and oven temperature conditions described previously.  
The ionization potential of the Mass Selective detector was 70 eV, and the scan range 
was 45 to 450 m/z.  Identification of fatty acids was achieved by comparing mass spectral 
data with those of the Wiley library.  The fatty acids were reported as percentages of total 
lipids.     
Tenderness 
 Tenderness was measured on cooked broiler breasts and thighs using a Stable 
Microsystems TAXT-2 Texture Analyser (Godalming, U.K.).  Tenderness was measured 
in duplicate on each sample using a star probe for compression to 80% of the initial 
product height.  Locations for measurement on breasts and thighs were chosen on an area 
free from defects and were as close to the same location each time as could be determined 
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by visual assessment.  Samples used for tenderness measurements were independent of 
those used for sensory analysis. 
Trained Panel Sensory Analysis 
 Ten panelists were recruited from the faculty, staff and students of Iowa State 
University.  The University’s Human Subjects in Research Committee approved the 
project and the panelists were compensated for their participation.  The same panelists 
served on both the breast and thigh panels.  There were two one-hour training sessions 
each for the thigh samples and for the breast samples.  During training, panelists were 
familiarized with the sensory terms, the tasting techniques and the computer software 
scoring system.    
The sensory evaluation was conducted on organic, free-range and conventional 
boneless skinless breasts and thighs.  The evaluations of breasts and thighs were 
conducted as separate panels.  The cooking procedures were identical for both breasts and 
thighs, using a George Foreman Indoor/Outdoor Grill (Model GGR62, Lake Forest, IL) 
to cook samples to an internal temperature of 77oC.  The temperature of the samples was 
monitored using a thermocouple (Chromega/Alomega) attached to an Omega digital 
thermometer (Model DSS-650, Omega Engineering, Stamford, CT).  Panelists received 
product samples in approximately two 15mm x 15mm pieces immediately following 
cooking.  Four test sessions for thighs and four test sessions for breasts were conducted.  
Each panelist evaluated six samples per session (two from each treatment from different 
suppliers).  Each treatment-supplier combination was evaluated twice over the course of 
the study but in different sessions.  The samples were randomized for cooking and 
serving and were then presented sequentially in portioned booths equipped with red 
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florescent lights.  Water and unsalted crackers were available to each of the panelists to 
cleanse their pallet.  A line scale with 15 marked numerical units was used with 
descriptors representing low intensity on the left and high intensity at the right for scoring 
the following attributes: chicken aroma, tenderness, chewiness, moistness and chicken 
flavor.  Data was collected by using a computerized sensory scoring system 
(COMPUSENSE five, v4.4, Compusense, Inc., Guelph, Ontario, Canada N1H3N4). 
Statistics 
 SAS’s PROC MIXED (SAS Inst., Inc., Cary, N.C., U.S.A. version 9.1) was used 
to fit a nested model.  Pairwise treatment differences were determined with Tukey 
Kramer adjustment.  Significance was determined at P<0.05. 
RESULTS AND DISCUSSION 
 
Carcass Component Yield 
 Raw organic broilers yielded more (P<0.05) dark meat and less skin (P<0.05) 
compared to free-range and conventionally raised broilers.  There were no differences 
(P>0.05) in raw dark meat and skin yields between free-range and conventional, and no 
differences between organic, free-range and conventional chickens for light meat and 
bones yields (Figure 1). 
 Cooked organic broilers yielded significantly less (P<0.05) light meat (5.5% - 
6.2%) compared to free-range and conventional, and more bone (P<0.05) compared to 
free-range chickens (Figure 2).  Raw light meat yields for organically raised birds were 
numerically lower, 1.2% and 1.4% respectively, when compared to free-range and 
conventionally raised birds however only after cooking were significant differences in 
light meat yield observed.  The large difference in light meat yield after cooking may be 
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partially due to the fat content that was lost during cooking, 2.07% for organic compared 
to 1.80% and 1.92% on a raw basis for free-range and conventional respectively.  Breasts 
from organically raised birds subsequently after cooking had the lowest fat content of 
3.31% compared to 3.95% and 4.77% for free-range and conventionally raised chickens.  
Cooked carcass light meat yields were not significantly different (P>0.05) between free-
range and conventional broilers.  Cooked carcass bone yields were not significantly 
different (P>0.05) between organic and conventional broilers.  There were no difference 
(P>0.05) between organic, free-range and conventional broilers for raw dark meat and 
skin yields.   
 Although some raw yields were statistically different, in practical terms yields for 
the various components of the carcass were not greatly different from one another when 
comparing the different groups of chickens.  Conventional chickens raised in the U.S. are 
grown to provide the most breast meat yield possible to fill U.S. consumer demands and 
provide the most overall meat yields to maximize profitability.  The yields measured in 
this study may also indicate the similarity between genotypes of organic, free-range and 
conventional broilers as expressed by Fanatico (2005).  Castellini et al. (2002) compared 
organically raised chickens to conventional and found that organic chickens had less fat 
content in breast and thigh meat.  Castellini et al. (2002) attributed less fat content in the 
breast and thigh pieces to increased motor activity by the organic chickens that favored 
myogenesis over lipogenesis as a result.     
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Figure 1.  Mean Raw Carcass Component Yield 
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Figure 2.  Mean Cooked Carcass Component Yield 
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Cooking Yield 
 Free-range broilers had higher (P<0.05) whole carcass cooking yields compared 
to conventional broilers but were not significantly different (P>0.05) from organic.  
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Organic and conventional cooking yields were not significantly (P>0.05) different from 
one another (Table 1). 
 Castellini et al. (2002) concluded that the breast and drumstick cook losses were 
higher in organic chickens compared to conventional chickens because ultimate pH was 
lower.  The lower pH of organic chickens in work conducted by Castellini et al. (2002) 
was closer to the meat isoelectric point and therefore is a likely reason for the lower water 
holding capacity.  In the present study, the opposite trend was observed.  The ultimate pH 
for free-range chickens was the lowest relative to organic and conventional chickens 
however resulted in a higher (P<0.05) cooking yield compared to conventional broilers.  
Although the cooking yield trend was opposite of what was expected given each 
respective ultimate pH, the result could be explained by other inherent meat attributes 
such as protein and moisture content differences.  Consistent with the present work, Qiao 
et al. (2001) also found that muscle with ultimate pH values closer to the isoelectric 
point, approximately 5.2, had higher water holding capacity clearly indicating that other 
factors affected water holding capacity.   
Table 1.  Mean Cooking Yield Values 
Cooking Yield (%) Organic Free-Range Conventional ±SEM
Yield 86.90a,b 88.91b 85.72a 0.85
*Means with different letters are significantly different (P<0.05).
 
Proximate Analysis 
 Raw breast meat from organic and free-range broilers was lower (P<0.05) in 
moisture content and higher (P<0.05) in protein content compared to conventional 
broilers.  Moisture and protein content of raw breast meat from organic and free-range 
broilers were not significantly different (P<0.05).  Raw thighs from organic and free-
range broilers had higher (P<0.05) protein content compared to conventional broilers.  
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Raw skin from organic birds had significantly lower fat (P<0.05), higher moisture 
(P<0.05) and higher protein content (P<0.05) than free-range and conventional broilers.  
Fat, moisture and protein content of raw skin was not significantly (P>0.05) different 
among free-range and conventional broilers (Table 2). 
 Cooked breasts and thighs from organic broilers were lower (P<0.05) in fat and 
higher (P<0.05) in protein compared to conventional broilers.  Cooked breasts from free-
range broilers were lower in fat than conventional broilers.  Cooked thighs from free-
range broilers were not significantly (P>0.05) different for fat, moisture and protein 
content compared to conventional broilers (Table 6).   
 Although statistically significant, differences in breast and thigh meat between 
organic, free-range and conventional chickens were not different in practical terms.  Raw 
skin from organic birds had significantly (P<0.05) lower fat content in comparison to 
free-range and conventional broilers which could be important to consumers concerned 
with fat intake, however when cooked no significant differences (P>0.05) for fat content 
of the skin was observed. 
 Many factors affect fat, moisture and protein content of raw and cooked meat, 
including feed rations, motor activity and genetic makeup.  However, in the present study 
these factors were unknown because all samples were collected at the retail level.   
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Table 2.  Mean Raw and Cooked Breast, Thigh and Skin Proximate Analysis Values 
Organic Free-Range Conventional ±SEM
Fat 2.08a 1.80a 1.92a 0.12
Moisture 74.98a 74.81a 75.52b 0.15
Protein 23.31a 23.26a 22.26b 0.15
Fat 7.16a 7.23a 5.92a 0.51
Moisture 73.99a 73.22a 72.56a 1.00
Protein 19.25a 19.49a 17.82b 0.34
Fat 28.24a 42.32b 41.42b 1.36
Moisture 52.54a 44.21b 45.91b 1.06
Protein 12.88a 10.88b 9.70b 0.39
Fat 3.31a 3.95a 4.78b 0.20
Moisture 71.04a 70.89a 70.89a 0.30
Protein 26.95a 26.74a,b 25.37b 0.46
Fat 6.98a 8.24b 8.73b 0.36
Moisture 69.16a 69.68a 69.93a 0.33
Protein 24.62a 22.85b 21.85b 0.46
Fat 24.13a 28.23a 27.31a 1.34
Moisture 54.65a 48.07b 52.47a 1.22
Protein 12.49a 10.66b 11.01b 0.27
*Means in the same row with different letters are significantly different (P<0.05).
Proximate Analysis (%)
Raw
Cooked
Breast
Thigh
Skin
Breast
Thigh
Skin
 
Ultimate Muscle pH 
Raw breasts and thighs were measured for pH.  Breast meat from organic broilers 
had a higher pH (P<0.05) compared to free-range and conventional broilers.  The pH of 
free-range breast samples was not different (P>0.05) compared to conventional (Figure 3) 
broilers. 
 Thighs from organic broilers had a higher pH (P<0.05) compared to free-range 
but were not different (P>0.05) from conventional broilers.  Thighs from free-range birds 
had a lower pH (P<0.05) than those from organic and conventional (Figure 3) birds. 
 In normal antemortem muscle, the pH is approximately 7.2.  At the time of 
slaughter, oxygen and nutrients that are supplied by way of the circulatory system are 
stopped.  Glycogen, which supplies energy to the muscle, is metabolized postmortem in 
an anaerobic environment to lactic acid which reduces muscle pH.  The rate and the 
extent of pH decline influence meat quality characteristics.  Variation in ultimate pH is 
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likely to influence color (Govinarajan, 1973) and the ability for meat to hold water.  The 
isoelectric point of meat, where the number of negative charges equals the number of 
positive charges of the system, is a pH of approximately 5.2.  At a pH of 5.2, meat has 
very poor water holding capacity.  For slaughter houses and further processors, an 
ultimate pH of 5.2 will lead to less saleable product due to increased loss of water from 
fresh meat and cooked products. 
 pH can also be affected by genetic factors such as the halothane gene in pigs that 
cause PSE meat (Rosenvold and Andersen, 2003).  In the present work, pH of breast meat 
from organic broilers was higher (P<0.05) than free-range and conventional broilers.  The 
same trend was observed, though not statistically significant, for thigh samples of the 
organic chickens.  The results, though speculative, could suggest that organic chickens 
experienced less stress immediately prior to slaughter than free-range or conventional 
birds.  Calmer birds at the time of slaughter typically have higher pH values with slower 
rates of decline compared to animals that are stressed (Nissen and Young, 2006).  In 
addition, predominant muscle fibers in breast meat are white while predominant muscle 
fibers in thighs are red.  Although not evaluated in the present study, differences in 
muscle fiber proportion between red and white fibers could exist among types of birds 
and could contribute to pH differences due to differences in muscle type glycogen stores.     
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Figure 3.  Mean Raw Breast and Thigh pH Values 
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*Means of the same component with different letters are significantly different (P<0.05).
Color 
 In the raw product comparisons, breasts and thighs from organic broilers were 
darker (P<0.05) and less yellow (P<0.05) than those from free-range or conventional 
broilers.  Breasts and thighs from free-range broilers were less yellow (P<0.05) than 
those from conventional chickens.  Color measurement of raw and cooked breasts, thighs 
and skins from organic and free-range also showed less yellow color (P<0.05) compared 
to conventional broilers (Table 3 and 4).  Cooked free-range breasts and skins were less 
red (P<0.05) compared to conventional broiler samples (Table 3). 
   Even though color values were significantly different when measured 
instrumentally, in practical terms, the only clear trend observed was for b* values of 
breasts, thighs and skin from conventional chickens.  The chickens utilized were 
purchased as whole processed broiler carcasses and therefore the nutritional and 
environmental factors that can cause color variation were not known.  However, the 
measured color values in the present study were consistent with past research conducted 
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by Govinarajan (1973) in that darker color values were associated with higher pH values.  
Gonvinarajan concluded the darker color resulted from oxygen-consuming mitochondrial 
enzymes that were more active at higher pH levels.  Muscle type could have also dictated 
the color values.  Lonergan (2003) concluded that muscle fiber type, specifically white 
and red muscle fibers, could have been the source of variation in unique chicken 
populations.  In our study, raw thighs from free-range birds had higher (P<0.05) redness 
values which could be attributed to increased myoglobin content resulting from increased 
motor activity due to access to the outdoors.  Organic chickens also have access to the 
outdoors; however raw thigh color values were not different from conventional broilers.  
The age of the birds could also affect redness values.  Older birds typically have higher 
concentrations of myoglobin compared to younger birds.  Castellini et al. (2002) found 
that organic birds had lower live weights at both 56 and 81 days of age compared to 
conventional broilers.  Organic broilers therefore at equivalent harvest weights would be 
older at the time of slaughter and theoretically more red in appearance.  However, 
contrary to typical European organic and free-range producers, Fanatico (2005b) 
indicated that U.S. organic and free-range producers utilize fast-growing genotypes 
similar to conventional production genotypes.  Consequently, the age of the broilers at 
the time of slaughter in this study, although speculative, should be similar and contribute 
only subtle differences in color.     
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Table 3.  Mean Raw Breast, Thigh and Skin Color Values 
Organic Free-Range Conventional ±SEM
Breast L* 68.02a 71.06b 70.98b 0.47
a* 4.60a 4.99a 4.87a 0.14
b* 12.98a 15.39b 17.59c 0.25
Thigh L* 65.43a 67.59b 98.17b 0.64
a* 6.36a 7.06b 6.09a 0.14
b* 11.36a 13.41b 14.97c 0.38
Skin L* 69.30a 69.63a 70.54a 0.5
a* 4.12a 4.61a 4.67a 0.17
b* 12.76a 13.85a 17.26b 0.41
*Means in the same row with different letters are significantly different (P<0.05).
Color
 
Table 4.  Mean Cooked Breast, Thigh and Skin Color Values 
Organic Free-Range Conventional ±SEM
Breast L* 69.48a 70.36a 70.49a 0.5
a* 8.06a,b 7.47a 8.66b 0.2
b* 25.68a 25.81a 28.79b 0.29
Thigh L* 67.39a 67.18a 68.00a 0.56
a* 7.69a 7.34a 7.88a 0.2
b* 22.72a 21.92b 24.45c 0.22
Skin L* 71.01a 70.40a 72.53a 0.49
a* 6.68a 6.04b 6.89a 0.17
b* 31.50a 30.47a 33.29b 0.42
*Means in the same row with different letters are significantly different (P<0.05).
Color
 
 Thiobarbituric Acid and Reactive Substances Analysis 
 Raw breasts and thighs from free-range broilers were significantly less (P<0.05) 
rancid than organic and conventional broilers.  The TBARS values for raw organic and 
conventional breasts and thighs did not differ significantly (P<0.05) from each other 
(Table 5). 
 TBARS values for cooked samples were not significantly different (P<0.05) for 
organic, free-range and conventional breasts and thighs (Table 5).   
 Although raw TBARS values were significantly different, in practical terms, the 
raw chickens were not rancid.  TBARS values for raw and cooked thighs were 
consistently higher relative to breast pieces and was attributed, however not measured in 
the current study, to the oxidative effects of higher iron content in the thighs compared to 
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breast pieces.  TBARS values of 1, or approximately 0.8 mg malonaldehyde per kg of 
meat, and over are often considered rancid (O’Neill et al., 1998).  TBARS values reflect 
the level of oxidation of lipids and measures malonaldehyde, ketones and reactive 
substances.     
As expected, cooked product TBARS were higher compared to raw values but 
there were no significant (P>0.05) differences between organic, free-range and 
conventional breasts and thighs.  TBARS values are not necessarily associated with 
negative consumer reaction.  Castellini et al. (2002), when comparing organic and 
conventionally raised chickens, concluded that sensory panelists preferred organic breast 
meat that had higher TBARS values; this is sometimes referred to as warmed-over-flavor.    
TBARS values are usually higher in cooked meat products because the protein structure 
is changed and iron, including heme-iron, is exposed to lipids initiating rancidity.   
Table 5.  Mean Raw and Cooked Breast and Thigh TBARS Values   
Organic Free Range Conventional ±SEM
Breast 0.19a 0.12b 0.18a 0.01
Thigh 0.30a 0.14b 0.24a 0.02
Breast 3.68a 3.73a 3.96a 0.17
Thigh 5.91a 5.94a 6.23a 0.27
*Means in the same row with different letters are significantly different (P<0.05).
Raw
Cooked
TBARS
 
Fatty Acid Profile 
 Organic broilers had less (P<0.05) saturated and monounsaturated and clearly 
more (P<0.05) polyunsaturated, omega-3 and omega-6 fatty acids compared to free-range 
and conventional birds.  Free-range broilers had more (P<0.05) saturated and omega-3 
polyunsaturated fatty acids but less (P<0.05) monounsaturated fatty acids (Table 6c) than 
conventional broilers. 
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 The difference in fatty acid content is likely due to dietary fatty acid intake.  
Organic poultry production is clearly different from conventional, however feed rations 
are likely to be similar to conventional rations, both consisting of mainly corn and 
soybeans.  Potential access to grass and other outdoor organic matter most likely explains 
the difference between organic and conventional chickens since conventional chickens 
are confined indoors (Castellini et al., 2002).  However, this assumption does not explain 
the difference between organic and free-range chickens because both have access to the 
outdoors.  More investigation is needed to explain these results. 
 Consumers may consider the proportions of fatty acids important when comparing 
organic, free-range and conventional chicken meat at the point of purchase because 
polyunsaturated fatty acids are considered to be a healthier fat source for human diets 
(Nicolosi et al., 2001).  Processors may also consider proportions of fatty acids among 
chicken types important to formulate products with desired fatty acid profiles. 
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Table 6a.  Mean Raw Breast Fatty Acid Profile 
Organic Free Range Conventional ±SEM
Myristic C14:0 0.54a 0.67b 0.65b 0.02
Palmitic C16:0 20.70a 21.57b 22.45c 0.19
Margaric C17:0 0.19a 0.16a 0.16a 0.01
Stearic C18:0 10.43a,b 11.041b 9.85a 0.28
Arachidic C20:0 6.97a 6.32a,b 5.69b 0.36
Palmitoleic C16:1,n7 5.01a 3.99b 3.01c 0.21
Margaroleic C17:1,n10 0.09a 0.10a 0.01a 0.01
Oleic C18:1,n9 22.38a 27.44b 28.05b 0.62
trans-Vaccenic C18:1,n7 3.61a 3.83a 3.60a 0.17
Gondoic C20:1,n9 0.26a 0.33b 0.37b 0.02
Linoleic C18:2,n6 25.65a 19.26b 20.00b 0.40
gamma-linolenic C18:3,n6 0.22a 0.15b 0.21a 0.01
alpha-linolenic C18:3,n3 1.88a 0.75b 0.78b 0.07
Arachidonic C20:4,n6 6.97a 6.32a,b 5.69b 0.36
Eicosapentaenoic C20:5,n3 0.29a 0.41b 0.25a 0.02
Dodecylthioacetic C22:4,n6 1.54a 1.37a 1.63a 0.10
Docosapentaenoic C22:5,n3 1.12a 1.09a 0.62b 0.06
Docosahexaenoic C22:6,n3 0.96a 1.45b 0.49c 0.07
*Means in the same row with different letters are significantly different (P<0.05).
Saturated
Mono 
unsaturated
Poly 
unsaturated
Fatty Acids (%  of total fatty acids)
 
Table 6b.  Mean Raw Thigh Fatty Acid Profile 
Organic Free Range Conventional ±SEM
Myristic C14:0 0.52a 0.66b 0.60c 0.02
Palmitic C16:0 19.71a 22.08b 22.52b 0.33
Margaric C17:0 0.19a 0.14b 0.15b 0.01
Stearic C18:0 7.81a 8.42a 8.10a 0.41
Arachidic C20:0 0.10a 0.09a 0.07b 0.01
Palmitoleic C16:1,n7 4.02a 5.68b 6.46b 0.40
Margaroleic C17:1,n10 0.09a 0.11a,b 0.11b 0.01
Oleic C18:1,n9 27.47a 33.20b 31.58b 1.02
trans-Vaccenic C18:1,n7 2.08a 2.65b 2.66b 0.11
Gondoic C20:1,n9 0.23a 0.32b 0.30b 0.01
Linoleic C18:2,n6 30.48a 20.79b 21.37b 0.62
gamma-linolenic C18:3,n6 0.26a 0.19b 0.22b 0.01
alpha-linolenic C18:3,n3 2.65a 1.01b 0.98b 0.11
Arachidonic C20:4,n6 2.90a 2.99a 3.34a 0.29
Eicosapentaenoic C20:5,n3 0.12a 0.15a 0.14a 0.01
Dodecylthioacetic C22:4,n6 0.54a 0.52a 0.82b 0.06
Docosapentaenoic C22:5,n3 0.45a 0.43a 0.35a 0.04
Docosahexaenoic C22:6,n3 0.37a,b 0.57a 0.24b 0.07
*Means in the same row with different letters are significantly different (P<0.05).
Fatty Acids (% of total fatty acids)
Saturated
Mono 
unsaturated
Poly 
unsaturated
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Table 6c.  Comparison of Organic, Free-Range and Conventional Sources of 
Chicken Meat for Differences in Lipid Characteristics 
 
Fatty Acids (% of total fatty acids) Organic Free Range Conventional ±SEM
Saturated 30.14a 32.46b 32.31c 0.30
Monounsaturated 31.67a 38.82b 39.13c 0.87
Polyunsaturated 38.19a 28.72b 28.57b 0.78
Omega 3 3.92a 2.93b 1.93c 0.14
Omega 6 34.28a 25.79b 26.64b 0.67
*Means in the same row with different letters are significantly different (P<0.05).
 
Tenderness 
 Breasts from conventional broilers were more (P<0.05) tender than those from 
organic birds while breasts from free-range were least (P<0.05) tender.  Thighs from 
conventional broilers were more (P<0.05) tender than those from organic and free-range 
birds (Table 7). 
 Although different from the present study, Castellini et al. (2002) found that 
organic breasts and drumsticks possessed lower shear values when compared to 
conventionally raised chickens.  Although those authors concluded that tenderness was a 
result of motor activity, this may actually increase shear values due to increased 
connective tissue formation.  Instead, results from Castellini et al. (2002) may be due to 
the significantly lower lipid content reported in both breast and drumstick samples.  
Farmer et al. (1997), when comparing two genotypes of chicken for effects of diets and 
stocking densities, found that genotype and diet contributed the most to textural attributes 
while stocking density contributed to a lesser extent.       
Table 7.  Mean Cooked Breast and Thigh Tenderness Values 
Tenderness              
(kg/cm2) Organic Free Range Conventional ±SEM
Breast 2.70a 3.00b 2.42c 80.87
Thigh 1.88a 1.89a 1.45b 66.40
*Means in the same row with different letters are significantly different (P<0.05).
 
  
48 
 
Trained Panel Sensory Evaluation 
  
 The sensory panel did not detect differences (P>0.05) between organic, free-range 
and conventional breasts for chicken aroma, tenderness, chewiness, moistness or chicken 
flavor.  The sensory panel results however, indicated that conventional chicken thighs 
were more tender (P<0.05) and less chewy (P<0.05) than thighs from organic and free-
range birds, results which confirmed the instrumental tenderness values observed.  All 
other sensory attributes for the thighs were not different. 
 Castellini et al. (2002) found that panelists gave significantly (P<0.05) higher 
scores for juiciness and overall acceptability to organic breast muscles when compared to 
conventional.  Kishowar et al. (2004) concluded that when comparing organic, free-range 
and corn-fed chicken breasts, appearance and texture were the attributes that were 
distinguishable between types and that only a sub-group of panelists, a set of participants 
within the panel, could distinguish between aroma and flavor.  Although perceptions can 
vary greatly between panelists, the present study suggested that, with the exception of 
tenderness and chewiness of thighs from conventional broilers, no sensory differences 
existed between the three groups of broilers. 
Table 8.  Mean Cooked Breast Sensory Scores 
 
Breast Sensory Evaluation Organic Free-Range Conventional ±SEM
Chicken Aroma
0=none, 15=intense 6.6a 6.3a 7.2a 0.5
Tenderness
0=not tender 15=very tender 9.3a 9.1a 9.4a 0.8
Chewiness  
0=not chewy, 15=very chewy 5.3a 5.6a 4.9a 1
Moistness
0=not moist, 15=very moist 7.6a 7.4a 7.1a 0.9
Chicken Flavor
0=none, 15=intense 6.2a 6.1a 6.6a 0.5
*Means in the same row with different letters are significantly different (P<0.05).
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Table 9 Mean Cooked Thigh Sensory Scores 
 
Thigh Sensory Evaluation Organic Free-Range Conventional ±SEM
Chicken Aroma
0=none, 15=intense 7.5a 6.9a 7.3a 0.5
Tenderness
0=not tender 15=very tender 9.0a 8.4a 10.1b 0.7
Chewiness
0=not chewy, 15=very chewy 5.3a 6.1a 4.3b 0.8
Moistness
0=not moist, 15=very moist 9.4a 9.1a 9.3a 0.6
Chicken Flavor
0=none, 15=intense 7.9a 8.1a 7.8a 0.5
*Means in the same row with different letters are significantly different (P<0.05).
 
Retail Price for Organic, Free-Range and Conventional Whole Chickens 
 
 At the time of purchase, March through May of 2006, a wide range in prices were 
recorded (Table 10).  The average price difference for organic and free-range whole 
chickens was 247.29% and 215.50% higher respectively when compared to conventional 
whole chickens.  The prices most likely reflect to some degree the price that is required to 
maintain grower profitability but also reflects consumer perceptions and demand.  
Organic production clearly requires use of more expensive inputs, such as organic corn 
and soybeans, in addition to the exclusion of other modern production interventions that 
aid in growth performance and capitalize on efficiency.  Although free-range poultry 
production may not require the same degree of input costs as organic production, 
typically it is different from conventional and may demand a higher retail product price.  
Obviously, organic and free-range prices reflect the premium that consumers are willing 
to pay for organic and free-range chicken. 
Table 10.  Mean Retail Price at Point of Purchase 
 
 
 
Organic Free-Range Conventional
Price per lb 3.19$           2.78$                    1.29$                         
Price Difference Compared to 
Conventional ($) 1.90$           1.49$                    
Price Difference Compared to 
Conventional (% ) 247.29% 215.50%
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CONCLUSION 
 
 The most significant differences between organic, free-range and conventional 
chickens observed in this study included color, fatty acid composition and tenderness.  
Conventionally raised chickens consistently possessed more (P<0.05) yellow appearance 
for breast, thigh and skin pieces when compared to organic and free-range carcass 
components.  Organic chicken breasts and thighs had significantly higher (P<0.05) 
percentages of polyunsaturated fatty acids, including omega-3 and omega-6 fatty acids 
compared to free-range and conventional chickens.  This may be of particular value to 
consumers concerned about fats and healthfulness of saturated vs. unsaturated fatty acids.  
It may be part of the perceived advantages that result in premium prices for these 
products.  On the other hand, instrumental measurements as well as sensory evaluations 
found that thighs from conventional broilers were more (P<0.05) tender when compared 
to organic and free-range chickens.  Consumer demand for safe and wholesome food as 
well as acceptable methods by which their foods are grown is increasing.  The recorded 
retail prices indicated a large variance.  It would appear that the premium prices that 
consumers are willing to pay for organic and free-range chicken involves more than 
measurable differences in quantity and quality of meat. 
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CHAPTER 3.  GENERAL CONCLUSIONS 
 
 
General Discussion 
 
 Consumers have increasing varieties of meat available in supermarkets.  
Consumers once commonly made choices between different species, however now within 
species, variety is offered and in each category products are marketed differently.  Large 
price differences between organic, free-range and conventional poultry, for example, 
warrants understanding, of quantitative and qualitative differences.  Consumer demand 
for safe and wholesome food as well as acceptable methods by which their foods are 
grown is increasing.  Organic and free-range poultry meats, as well as their production 
methods have become part of consumers’ perception of quality poultry.  From this 
survey, organic and free-range products seem to be a viable option for consumers 
desiring specific product attributes.  Wide price variation should be taken into account by 
consumers evaluating the quantity and quality differences between organic, free-range 
and conventional poultry.  In addition, consumers should also be aware that their personal 
eating experience may not be much different, based on this study, among the three types 
of broilers studied.  Currently organic and free-range poultry make up a small percentage 
of the market but are growing rapidly in market presence.  As mentioned earlier, some 
consumers purchase organic and free-range poultry for other reasons other than the 
attributes measured in the current work.   
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